PURPOSE In this study, we compared the rate of depression diagnoses in adults with and without diabetes mellitus, while carefully controlling for number of primary care visits.
INTRODUCTION

D
iabetes is a serious chronic disease that leads to a substantial reduction in life expectancy, decreased quality of life, and increased costs of care. Clinical trials demonstrate that adequate glycemic control, 1 blood pressure control, 2 lipid control, 3 aspirin use, and smoking cessation, and physical activity substantially reduce microvascular complications (affecting the eye, foot, and kidney), macrovascular complications (heart attack and stroke), or both in patients with type 1 and type 2 diabetes. 4 Depression is also a serious chronic disease that is associated with more functional disability than many other chronic diseases. The spectrum of depressive disorders ranges from subsyndromal depressive conditions to major depressive disorder. Previous work on the relationship of diabetes and depression has often focused on major depressive disorder; however, subsyndromal depressive conditions are far more prevalent than major depressive disorder and are linked to increased disability, risk of health decline, and health care use, and premature mortality. [5] [6] [7] [8] [9] Lack of adequate understanding of the relationship between diabetes and depression is a problem that has major clinical and policy implica-
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tions. In a meta-analysis of 42 studies, Anderson et al 10 concluded that "the presence of diabetes doubles the odds of having depression." The prevalence of depression varied across studies depending on sex, age, study site, and method of depression ascertainment, but the increased odds ratio for depression in patients with diabetes remained comparable across samples, even accounting for variation in prevalence rates.
A recent study estimated that the relative hazard of depression in patients with untreated diabetes was 0.75, whereas the likelihood of depression in patients with treated diabetes was 1.54 . 11 This analysis did not adjust for number of visits-a variable that may be associated both with diabetes and with the likelihood of identifi cation and treatment of depression. Robinson et al 12 compared diabetic and nondiabetic samples of patients in Great Britain and found no clear relationship between onset of diabetes and depression. Another study of elderly patients with type 2 diabetes and a nondiabetic control group found a similar prevalence of depression symptoms in the 2 samples, but also that diabetic patients had more severe depressive symptoms than their counterparts without diabetes. 13 We conducted this study to extend our understanding of the relationship of depression to diabetes. We considered the limitations of previous work and designed a prospective study that carefully adjusted for patient exposure to the medical care system.
METHODS
This historical cohort analysis of patients with a new (incident) or existing (prevalent) diabetes diagnosis and matched nondiabetic control patients during the study years 1997-2003 was designed to determine whether diabetes is associated with the likelihood of a subsequent diagnosis of depression.
The project was reviewed in advance, approved, and monitored by the HealthPartners Institutional Review Board (project number 03-010).
Study Site
The study was conducted at HealthPartners Medical Group (HPMG), a large multispecialty medical group in Minnesota that provided care to an estimated 225,000 patients from 1997 to 2003. All study patients were enrolled in a single health plan, and most care was provided by HPMG at 20 clinics by primary care physicians including family physicians and general internists who deliver care for both diabetic and nondiabetic patients. Previous studies have provided additional detail about patterns of diabetes and depression care in the study population, and more description of the delivery system.
14,15
Identifi cation of Incident and Prevalent Diabetes Cohorts
To identify adults with a diagnosis of diabetes mellitus, we fi rst identifi ed all adults who received care in each calendar year from 1997 to 2003. Each adult was then categorized in each study year as having diabetes if, in addition to being enrolled in the health plan in the 2 previous years, either of 2 criteria were met in that year: (1) the patient made 1 or more inpatient, or 2 or more outpatient visits having International Classifi cation of Diseases, Ninth Revision (ICD-9) codes for diabetes (250.xx) or (2) the patient fi lled a prescription for a diabetes-specifi c drug other than metformin. Metformin use required 1 or more accompanying inpatient or outpatient ICD-9 codes for diabetes mellitus because it is prescribed for conditions other than diabetes. Patients with a diagnosis specifi c to gestational diabetes were excluded.
This study was limited to the population of enrollees aged 40 years and older so that nearly all of the incident cases of diabetes, and the great majority of prevalent cases, would have type 2 diabetes mellitus. 16 Differences in the epidemiology and clinical presentation of depression by age also support the decision to limit the age range of study subjects.
Incident Diabetes Cohort
For each patient identifi ed as having diabetes in at least 1 study year, we identifi ed the earliest study year (index year) in which there was evidence of diabetes and assigned an index date that represented the fi rst encounter associated with a diagnosis of diabetes in the index year. Diabetic patients were retained in the incident diabetes cohort if, on further review of data from the 2 years antecedent to the index year, there was no evidence of diabetes as defi ned by 1 or more diagnostic codes for diabetes mellitus, a fi lled prescription for any diabetes-specifi c medication, or laboratory test data that suggested diabetes (fasting plasma glucose level >125 mg/dL, glycated hemoglobin [A 1c ] value >6.1%, or random plasma glucose value >199 mg/dL). This process resulted in a sample of 2,932 patients in the incident diabetes cohort in the index years 1997-2003.
Prevalent Diabetes Cohort
For each patient identifi ed as having diabetes in at least 1 study year, we randomly selected 1 of the years in which they were identifi ed as having diabetes and designated this as the index year. One calendar date was selected at random within the index year and designated as the index date. This process resulted in a sample of 14,144 patients with prevalent diabetes in the index years 1997-2003. For 1,746 of these patients, the randomly selected index year was also the year of diagnosis (ie, the incident year). We fl agged these patients so that we could model incident and prevalent cases separately in the analyses.
Identifi cation of Matched Nondiabetic Control Patients
We matched each patient in the incident and prevalent diabetes cohorts to 2 patients without evidence of diabetes. The fi rst matched patient was randomly selected from patients who were enrolled during the index year and were born within 1 year and were of the same sex as the diabetic patient, but did not have diabetes during the index year or the previous year. The second matched patient was randomly selected from patients who met each of these criteria but who also had the same number of primary care visits in the 2 years after the index date. Because of the diffi culty in matching on primary care visits, we ran the matching algorithm in 3 steps. First, diabetic patients with 0 to 5 primary care visits were matched to nondiabetic control patients with precisely the same number of postindex visits. Second, the matches for patients with 6 to 14 visits were allowed to have the same number of visits plus or minus 1 visit. Third, the matches for patients with 15 or more visits had the same number plus or minus 5 visits. This process resulted in slightly fewer control patients matched for age, sex, and visits, with slight differences in the proportion of men and the average number of postindex visits across samples. These same procedures were repeated to assign separate agesex-matched and age-sex-visit-matched nondiabetic patients to each diabetic patient.
Data Sources
We used automated clinical and administrative databases at HPMG to extract all data needed for this study. The databases included both inpatient and outpatient primary and specialty care, including all mental health services and mental health diagnoses. Previous work indicates that about 95% of all allopathic medical care used by HPMG members is delivered at HPMG facilities.
Defi nitions of Variables Depression Diagnosis
The primary outcome variable was a new diagnosis of depression in the 2 years after the index date, regardless of whether the diagnosis occurred in the fi rst or second year. A new depression diagnosis was operationally defi ned as the presence of (1) 1 or more inpatient or 2 or more outpatient ICD-9 codes of 311 or 296.3x for depression, or (2) 1 or more outpatient ICD-9 codes for depression in addition to a fi lled prescription for a therapeutic dose of an antidepressant medication, and (3) no evidence of depression before the index date. Prior evidence of depression was defi ned as (1) 1 or more ICD-9 codes for depression in the 6 preindex months or (2) 1 or more fi lled prescriptions for a therapeutic dose of an antidepressant medication in the 6 pre-index months and 1 or more ICD-9 codes for depression in the 12 pre-index months. We considered only ICD-9 codes associated with visits or physician encounters in the calculation of depression diagnosis.
Diabetes Diagnosis
The primary predictor in these analyses was the diabetes status of patients. In the incident diabetes models, we compared patients in the incident cohort with their nondiabetic control patients matched for age and sex, and matched for age, sex, and visits. In the prevalent diabetes models, we compared patients in the prevalent cohort with their nondiabetic control patients matched for age and sex, and matched for age, sex, and visits, with fl agging of prevalent patients captured in their incident year so that they could be modeled separately.
Covariates
Characteristics that could be related to the likelihood of a depression diagnosis or moderate the relationship between diabetes status and a depression diagnosis were included as covariates, moderators, or both in the analyses. These included age at index date and sex of each study patient and the number of primary care visits the patient had during the 2-year postindex period. We recoded patients with more than 20 visits during this period (2%-3% of patients in each cohort) as having had 20 visits to reduce the disproportionate infl uence of outlying observations. Diagnostic codes, excluding diabetes-related codes, recorded in the 1 year before the index date were used to calculate a Charlson comorbidity score for each patient. 17 The Charlson score sums points assigned to a patient for specifi c serious comorbidities such as heart disease, congestive heart failure, and certain cancers. We dichotomized Charlson scores into values of 0 or at least 1 because only a small proportion of patients had a score greater than 0. Study inclusion criteria required 2 years of continuous health plan enrollment before the index date but no minimum enrollment thereafter. We defi ned a covariate to identify patients who were enrolled for 19 or fewer of the 24 possible postindex months.
Plan of Analysis
We used logistic regression analysis to predict the presence of a new depression diagnosis in the at-risk period after the index date from diabetes status, controlling for age at index date (linear and quadratic effects), sex (male, reference = female), number of primary care visits in the at-risk period, Charlson score in the 1-year before the index date (≥1, reference = 0), and months of enrollment in the 2 years after the index date (≤19, reference = ≥20). Separate logistic regression models were run on data from the incident and prevalent diabetic cohorts. Each group of diabetic patients was compared with 2 control groups of patients without any evidence of diabetes in the 2 years before the index date: those who were matched on index year, age at index date, and sex (the fi rst control group) and those who were matched on index year, age at index date, sex, and number of primary care visits in the 2 years after the index date (the second control group). Age at index date was centered around the mean age in each group of diabetic patients (57 years in the incident cohort, 61 years in the prevalent cohort), and number of primary care visits was centered around the median value of 6 visits in both diabetic patient groups. We performed bivariate comparisons using t tests and χ 2 statistics, as appropriate. Preliminary logistic regression models included the primary predictor, main effects for all covariates, 2-way interactions between the primary predictor and each covariate, and 2-way interactions among the covariates. We retained in the fi nal model the primary predictor and covariate main effects and also the 2-way interactions that were signifi cant at P <.05 and had an odds ratio (OR) of 0.97 or less or 1.03 or greater.
RESULTS
Among the 14,144 patients with prevalent diabetes, 52% were male and the average age was 61 years at the index date (Table  1 ). For about 12% of this cohort, the index year represented their year of diagnosis (ie, incident year). Relative to the nondiabetic patients matched for age and sex and the nondiabetic patients matched for age, sex, and visits, the patients with prevalent diabetes had more primary care visits in the 2 years after their index date (P <.001) and were more likely to have a Charlson comorbidity score of at least 1 (P <.001) and to be less than fully enrolled in the postindex period (P <.001). The unadjusted rate of depression in diabetic patients was not higher than that of the patients matched for age, sex, and visits.
Among the 2,932 patients with incident diabetes, 53% were male and the average age was 57 years at the index date (Table 2 ). Relative to the nondiabetic patients matched for age and sex, the patients with incident diabetes had more primary care visits in the 2 years after their index date (P <.001) and were more likely to have a Charlson score of at least 1 (P <.001) and to be fully enrolled in the postindex period (P <.001). Relative to the nondiabetic patients matched for age, sex, and visits, the patients with incident diabetes had more primary care visits in the 2 years after their index date (P <.001) and were more likely to have a Charlson score of at least 1 (P <.001).
The logistic regression analysis predicting a new depression diagnosis among the patients with prevalent diabetes relative to the age-sex-matched nondiabetic patients showed that the relationship between a patient's diabetes status and depression varied with the number of primary care visits in the at-risk period, (χ 2 2 = 24.85, P <.001) ( Figure 1 and Table 3 ). The likelihood of a new depression diagnosis decreased as the number of primary care visits increased in all groups. After matching for age and sex alone, patients with prevalent diabetes having few primary care visits were . Both the patients with prevalent diabetes and the patients with incident diabetes were more likely than the age-sex-matched nondiabetic patients to have a new depression diagnosis during the at-risk period, but this effect diminished as diabetic patients accrued more primary care visits (Figure 1) . The interaction between a patient's diabetes status and number of primary care visits also emerged when comparing prevalent and incident diabetes patients with their age-sex-visit matches, (χ 2 2 = 18.00, P <.001), but showed a different pattern of results (Figure 2) . The likelihood of a depression diagnosis was similar among diabetic patients and their matches, and decreased with more visits.
Regardless of the comparison group, men were less likely than women to have a depression diagnosis, the likelihood of depression increased with age, and there were signifi cant interactions between number of primary care visits and Charlson comorbidity score, and between number of primary care visits and enrollment (Table 3) . In both models, patients with a Charlson comorbidity score of 1 or higher were more likely to have a depression diagnosis, but this difference diminished as the number of primary care visits increased so that once patients accrued about 8 such visits, those with a higher Charlson score were no more likely than those with a score of 0 to have a depression diagnosis. Also in both models, a greater number of primary care visits was associated with a decreased likelihood of a depression diagnosis among those with full enrollment.
In the logistic regression analysis predicting a new depression diagnosis among the patients with incident diabetes relative to their age-sex-matched nondiabetic counterparts, there was no simple relationship between a patient's diabetes status and depression, or between primary care visits and depression (Table 4) . Diabetes status was related to depression only in interactions with Charlson comorbidity scores (χ 2 2 = 6.27, P <.02), and with enrollment (χ 2 2 = 4.71, P = .03). Among patients with a Charlson score of 0, those with incident diabetes had approximately twice the odds of a depression diagnosis as their age-sex-matched nondiabetic peers (OR = 2.06). In contrast, there was no increase in odds among patients with a Charlson score of 1 or higher (OR = 1.00).
Finally, with additional matching for number of primary care visits, patients with prevalent diabetes mellitus and few primary care visits were more likely to have a new diagnosis of depression than those in the control group (OR = 1.32, 95% CI, 1.07-1.63), but this relationship diminished and reversed when patients made more than 4 primary care visits (OR = 0.99, 95% CI, 0.80-1.23). 
DISCUSSION
The results of this study deepen our understanding of the complex interplay of depression and diabetes, and challenge to some extent the conventionally accepted view that diabetes substantially increases the risk of depression. [10] [11] [12] 18 Although our data confi rm that diabetes is associated with a signifi cantly higher risk of a depression diagnosis when controlling only for age and sex, additional analyses clearly show that much of this purported association is attributable to the fact that diabetic patients have more frequent contact with the medical care system than age-and sex-matched patients without diabetes. When patients are matched on number of outpatient visits, differences in depression diagnosis among those with and without diabetes are very much diminished.
The higher relative risk of a depression diagnosis among diabetic patients reported in some previous studies may have been mediated in part by the burden of comorbid conditions associated with diabetes, and in part by the increased numbers of outpatient visits those with diabetes have, relative to their nondiabetic counterparts. 19 In addition, variation in sources of data, lack of severity indicators for both depression and diabetes, lifestyle factors, and variation in treatment of both diabetes and depression may contribute to differences in fi ndings across studies. 20 Our results are consistent with the hypothesis that having a diagnosed chronic condition increases the frequency of a depression diagnosis. Our data suggest, however, that patients with diabetes are no more affected by this susceptibility than patients with other chronic conditions who have frequent outpatient visits. Patients with diabetes, as well as those with many other chronic conditions, must deal with the psychosocial impact of adjusting to a chronic disease diagnosis or to news of progressive complications over time. [21] [22] [23] [24] This hypothesis is also supported by observation of high rates of depression in populations with other chronic illnesses, such as patients with cancer or heart disease.
The number of visits infl uences the likelihood of a depression diagnosis to a signifi cant degree in both patients with and patients without diabetes. Figures 1  and 2 demonstrate that the likelihood of this diagnosis is highest in those with relatively few outpatient visits. These data might indicate that primary care clinicians are good at recognizing depression after only a few visits. Other explanations are possible, however; perhaps physicians who do not recognize depression early are unlikely to diagnose it later. We do not have sufficient data to explore these competing hypotheses, but they merit attention in future research.
The interpretation of our fi ndings is limited by several factors. Ascertainment of depression was based on diagnostic codes and drug prescriptions, rather than on formal mental status examinations done by researchers. But we previously validated this method of depression identifi cation and noted that its positive predictive value was about 0.95, indicating that most of the patients identifi ed as having depression actually did a A positive coeffi cient indicates an increased likelihood of a depression diagnosis after the index date; a negative coeffi cient indicates a decreased likelihood.
b Age was centered around the mean of 57 years.
c Number of primary care visits was centered around the median of 6.
have it.
14 Identifi cation of a depression diagnosis using electronic data with reasonably high positive predictive value has some important practical advantages, even if sensitivity is low: (1) assessment of large numbers of patients becomes feasible, (2) assessment may be repeated periodically to identify new cases, thus offsetting some of the low sensitivity, (3) data loss due to lack of response would be minimal or nonexistent, in contrast to what would occur if depression were assessed using interviews or surveys, and (4) registries could be constructed and used to guide physician actions or to invite patient involvement in treatment or relapse-prevention activities. Nonetheless, because identifi cation of depression may vary by geography or care system, our results require replication in other settings.
Despite some study limitations, our fi ndings are important because they deepen our understanding of the relationship of diabetes and depression, identify new hypotheses for exploration, and demonstrate the use of a reasonably accurate method of identifying those with depression diagnoses using large electronic databases. Our growing understanding of the complex interrelationships between depression and other chronic diseases 20, [24] [25] [26] may eventually lead to more effective care for millions of adults with multiple chronic diseases. 
